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Statistical investigation of the jointing in the
Precambrian shield to the east of the Darling
Fault shows the presence of two joint systems
indicating a period of E.-W. compression fol-
lowed by E.-W. tension. A possible third system
and some late slickensides suggest periods of
horizontal shear. Other slickensides indicate
east-side-down faulting associated with the
intrusion of the micro-gabbro dykes. It is sug-
gested that these features are associated with
the up-arching and collapse of an anticlinal
warp prior to the more westerly collapse which
produced the Darling Fault.

Introduction

The Precambrian shield of Western Australia
is abruptly terminated to the west by a series
of fracture lines of which the Darling Fault is
the most important. Immediately east of the
Darling Fault is a narrow strip of early Palaeo-
zoic or Proterozoic sediments, and to the west
geophysical work suggests the presence of be-
tween 20,000 feet and 40,000 feet of sediments
(Thyer 1951) of which the top 2,000 feet are
known from bores to consist of sandy shales,
black shales and calcareous sandstones of
Eocene and Cretaceous age. To the east the
shield forms a plateau rising to an average
height of about 1,000 feet above the western
low-lying Swan Coastal Plain. Much of the
shield is covered by laterite and is thus not
available for direct study but along the margin
of the plateau and in river valleys leading from
the scarp excellent exposures occur and some
of these have been mapped (Clarke & Williams
1926:; Prider 1941; Davis 1942: Themson 1942).
From this mapping it has bheen possible to
obtain some idea of the structure of the region
and the history of the marginal faulting. One
of the most recent attempts is that of Prider
(1952) who says “The Darling Scarp then is
an expression of a differentially eroded mono-
clinal structure. It was transcurrent in the late
Archaeozoic, but during post-Proterozoic times
there was the development of a downwarp to
the west (initiated by further movement on the
Darling Archaean Fault) which has been pro-
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gressively sinking and being filled with sedi-
ments.” He also adduces evidence that there
was “a west block south and down movement
in Archaeozoic times,” which was continued in
the late Proterozoic. Other ideas have been put
forward by Jutson (1934) and Prider (1941 and
1948). It was with the belief that a statistical
analysis of the complex jointing in this region
could add to the knowledge of the Darling Fault
that this study was undertaken.

Four quarries near Boya Siding (12 miles
east-north-east of Perth) in the valley of the
Helena River were chosen for study (Fig. 1).
These are all in an extensive batholith the
petrology, structure and extent of which have
been discussed by Wilson (1958). Flow struc-
tures are not common near the quarries but
where observed flow layers strike predominantly
N.-S. and dip steeply to the east. Locally two
varieties of granite may be distinguished, a
coarse-grained porphyritic microcline granite
and a fine even-grained granite of similar
mineralogical composition in which the former
is xenolithic. In other areas an intermediate
variety is found. It seems probable that these
do not represent separate granites but only
repeated intrusion of deeper material into an
upper partly solidified crust. Both are cut by
pegmatites. The area is also crossed by numer-
ous shear zones, many partially or completely
silicified, varying in width from several feet to
several chains. The majority of these have a
NNE.-SSW. strike and are believed to be of
earlier origin than the main jointing. Of later
origin is a swarm of NNW.-SSE. striking micro-
gabbro dykes. End-stage products from these
have coated the earlier formed joints and the
dykes themselves have caused limited alteration
of the adjoining granite but the total effect has
been slight.

Methods of Compilation and Study
Field Methods
In this study it was soon realised that natural
exposures and shallow cuttings seldom gave data
of sufficient accuracy or gave a sufficient num-
ber of joints for any but the most important



joint systems to be evaluated. For this reason
four quarries distributed as evenly as possible
over the area were chosen for detailed investi-
gation. Their location is shown on Fig. 1.

In each quarry as many joints as possible
were measured. In order to aveid as far as
possible subjective selection the following tech-
nique was used. In any one quarry on each level
a number of points on the wall were marked
and later mapped by tape and compass. These
peoints were chosen on a horizontal plane, to
within several feet, in such a way as to make
the lines between any two successive points close
to and approximately parallel to the nearest
quarry wall. Offsets were taken from these lines
to the walls, and for every joint along these
lines the dip and strike were measured in the
usual way. In irregular joints the strike and
dip of the main surface rather than the mean
was taken. Joints were not measured when
there was any possibility that they had been
disturbed by blasting, soil creep, etc. All planar
features such as dyke walls, pegmatites, etc.,
were also measured. All measurements finally
used were made by the author.

At the same time as the dip and strike of
each joint was measured the following features
were noted:

Texture—the relative roughness or smooth-
ness of the joint face.

Planeness—the degree of approach of the
joint surface to a plane, or the lack of
curvature.

Veneer—the nature and thickness of the
veneer on a joint.

Length—estimation of relative length.

When slickensides were present their trend
and plunge were measured and recorded. In
the majority of joints only a few of these
features could be observed.

It is of interest, having shown the methods
adopted to avoid bias, to examine the possibilities
for bias that remain. The direction and vertical
range of the line of traverse must have an im-
portant effect. Joints with strikes parallel to
the line of traverse will obviously be biassed
against in favour of those with strikes at an
angle. This is a bias that has been largely
ignored by previous authors. The bias for the
near vertical joints has been minimized to a
large extent by measuring all the joints in a
guarry, thus having traverses with a number
of different bearings. In those examples where
this was not possible, or where the quarry was
distinetly elongate, this bias must still be taken
into consideration.

Flat-lying joints with strike parallel to the
traverse present a more serious problem, as it
is obviously impossible to traverse vertically as
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Fig. 1.—Map showing location of quarries in relation to the Darling Scarp.




far as horizontally. An effort was made to
decrease the effect by specially searching for
and measuring every exposed flat-lying joint.
As, however, many were curving, and others
difficult or impossible to reach, this probably
remains a major bias. Nevertheless its struc-
tural importance must not be over-emphasised
because the joints are possibly of little struc-
tural significance and may not continue to be
present at depth.

Another possibility for bias, more important
because it is difficult to evaluate, is that some
joints may not be visible on a freshly broken
surface. This may be due to welding by a solid
veneer so that the rock fails to break along the
joints or it may be due to preferential breakage
along certain major joints. The effect of this
bias was slightly diminished by attempting to
follow up any traces of joints until they could
be measured. Many, however, were probably
missed and others could not be so followed up.
Field observation tends to indicate that in this
study the main effect of the bias would be to
slightly flatten some of the more important
maxima, as the tendency for joints not to be
visible tends to be more a factor of the position
of the blasting charge than of the type of joint.

Other ways in which bias may have occurred
are believed to have had little significant ef-
fect in this study. It is, however, important to
realise that the joint numbers obtained are
proportioned not to the number of joints in
the region, as might at first be expected, but
to the area of the joints in the region. This
is the logical result of cutting planes, which
field evidence shows to be finite, by lines and
counting the number of intersections. It is of
considerable importance in that it means that
small joints have little chance of being recorded.

Laboratory Methods

The data were next analysed in order to
discover if—
(1) there were statistically significant maxima
in the joint directions;
(2) the joints forming these maxima differed
in surface characteristics;
(3) the positions of these maxima varied sig-

nificantly in different quarries.

For this purpose it was obviously necessary to
plot the data in a way capable of showing their
three dimensional properties. Strike and dip
analysis are only applicable when some other
method has shown that their use does not result
in a serious loss of information.

Two methods are in use for this purpose.
These are plotting the poles of joint normals
on an equi-area projection (Billings 1942) or
on a rectangular projection (Pincus 1951). Both
were tried and it was found that the equi-area
projection contoured by a method similar to that
of Haff (1938) using a 1% counting circle was
not only easier to interpret but had a plotting
accuracy more commensurate with the accuracy
with which the joint data could be obtained .

The standard error of the mean was deter-
mined for several representative groups and was
found to be below 2° in each case. Modes,

rather than means, were used in later work
because_they could be found easily by trial and
error with the counting circle.

The modes having been obtained the planes
wh1ch. they represent were plotted on the cyclo-
graphlc projection in order that their angular
relations might more easily be appreciated.

In all plotting the upper hemisphere was used.

The surface features of the joints were anal-
ysed by the following method. The contour
diagram was divided into a series of areas,
each containing one maximum, bounded by lines
of longitude and latitude. These lines were
chosen in such a way as to pass through areas
of minimum joint concentration. In addition a
central area was chosen to include all flat-lying
joints. The number of joints having definite
standards of roughness, etc., was then counted
in each of these groups and in one group which
consisted of joints not fitting in any of the
defined areas. In this way, information was
obtained as to whether one maximum contained
joints with surfaces or length noticeably differ-
ent to those contained by any other. Due how-
ever to the large number of joints on which
it was impossible to observe the surface charac-
teristies, which may or may not bias the results,
caution must be used in interpreting the results.
In order to assist in visualising these data they
were simplified into pairs of alternatives and the
frequencies plotted on square root charts.

The slickensides were plotted by the following
method. Since each slickenside must lie in the
plane of the joint on which it was observed, it
is just as important to know the orientation of
that plane as to know the orientation of the
slickenside. For this reason the poles of the
joints were plotted in the normal way, then
from each pole a short line was drawn parallel
to the trend of the slickenside. These lines
were arbitrarily drawn on the side of the point
towards the primitive circle. When the direction
of movement for any one slickenside was known,
a small arrowhead was added pointing in the
direction the outside block (i.e. assuming the
joint to be tangential to the sphere) had moved.
This method of representation was found to
considerably simplify visualisation of the data,
so much so that the loss of accuracy for slicken-
sides on joints with steep dips was not felt to
justify its rejection. When necessary, the poles
of these ambiguous slickensides could also be
plotted as well as their trends.

Jointing in Individual Localities
Joints in Greenmount Quarry

Greenmount Quarry is in the north-west of
the area and is about one mile east of the
Darling Fault. It is slightly elongate in a
north-south direction. A wide vertical micro-
gabbro dyke and several smaller dykes outcrop
on the floor and the north wall of the quarry.
Pegmatite dykes varying from 3in. to almost a
foot wide are well exposed. Several of the
smaller pegmatites are offset as much as several
inches by minor movements along joint sur-
faces. A zone of closely spaced jointing crosses
the west half of the quarry in a north-south
direction. One hundred and ninety joints were
measured.
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Fig. 2.—Joints in Greenmount Quarry.

(a) Equi-area contour diagrams (upper hemisphere) of 190 joint normals. (b)

Cyclographic projection (upper

hemisphere) of planes representing modes in Fig. 2a.

As may be seen from the contour diagram
(Fig. 2a) the poles of the joints fall into six
well defined groups, which are represented by
modes varying in point density from 3% to
13%. When the planes represented by these
modes are plotted on the cyclographic projection
(Fig. 2b) a definite pattern can be recognised.
Briefly the pattern may be described as an
E.-W. striking plane cut in one line by two
planes making acute angles to the north and
south, in another by an almost N.-S. plane and
in a third by two planes making acute angles
to the east and west. For convenience these
planes will be called after their approximate
strike directions, i.e. N., NNE., WNE. etc., as
shown. Where it is possible to correlate joints
in other quarries with these the same termin-
ology will be used even if the name no longer
suggests the approximate strike.

The relationships between the joints are dif-
ficult to see except where erosion or blasting
has exposed a clean horizontal surface. Where
such occurs the most obvious feature is the
tendency for the joints to cross each other with
no offsetting, curving or change of strength or
veneer. Another feature is that the dominant
NNW. joints often terminate or are interrupted
by a series of joints from several inches to
over a foot long and “en echelon” in line with
the orginal joint. These are turned clockwise
about 10° with respect to the original joint.
This is a typical arrangement of tension frac-
tures and may be taken as evidence of a dextral
transcurrent shearing stress having occurred in
the plane of the NNW. joints. Small rough
joints are occasionally found between two close
NNW. joints: these are approximately vertical
and approach the E. joints in strike. They may
also be associated with them in origin. The E.
joints are locally associated with joints that are
almost vertical and approach the N. joints in

strike. These are seldom more than a foot long
and may be no more than a few inches. They
are sometimes found in lines along the E. joints
and sometimes continue past the end of the
joints. These small joints are also found dis-
tributed throughout the rock with no obvious
associations. Due to their small size they prob-
ably do not produce a significant effect on the
contour diagram.

The occasional pegmatites are often found to
be faulted by the NNW. joints. The components
of the faulting are not often determinable but
the apparent displacement on a horizontal plane
is always sinistral. ‘A graphical study of the
data on the surface features of the joints in-
dicated that they fall into several groups. The
E. and NNW. joints fall into what might be
called the perfect group, most being long, flat
and with black veneer. The NNE. joints ap-
proach this closely being mainly long with black
veneer but occasionally not so smooth or flat.
The flat-lying joints and possibly ENE. fall into
the group with the opposite tendencies, rough,
and short with many lacking veneer. In be-
tween these extremes lies a group, including the
WNW., N. and possible ENE. joints. This seems
to indicate that there is a definite difference
in conditions of formation between the two
diagonal sets and also between the N. and the
E. and the flat-lying joints.

Joints in Mountain Quarry

Mountain Quarry lies towards the centre of
the area and is about 13 miles east of the
fault. Three levels are present. The quarry has
a NNE. elongation and is cut by a large number
of micro-gabbro dykes and pegmatites. Fifty-
six joints were measured.

As may be seen from Fig. 3a there are four
modes, one reaching the remarkable point
density of 24.5%, and two very poorly defined



modes. When these were plotted on the cyclo-
graphic projection, it was seen that they formed
a pattern strictly comparable with that of the
joints at Greenmount Quarry. This not only
confirms the significance cf the two very poorly
defined maxima, but also indicates that if every
maxima is to be defined 50 joints are scarcely
sufficient and where possible 100 at least should
be measured.

Although the angular difference between the
patterns are statistically significant the small
similarity is surprising. The only differences are
the absence of the N. joints which is probably
not due to the small number of measurements,
and the presence of a set of relatively flat-lying
joints. The relative though not the absolute

Fig. 3.—Composite diagrams (upper hemisphere).

(a) Equi-area projection of modes of joint orientation from the four quarries (radius of circles propor-
tional to modal densities).

(b) Cyclographic projection of theoretical AC stress planes and B axes for ENE. and WNW. joints.
(¢) Cyclographic projection of theoretical AC stress planes and B axes for NNE. and NNW. joints.

)

heights of the maxima are also somewhat simi-
lar although the predominant development of
the NNW. group is here emphasised.

Joints in No. 4 Government Quarry (Boya)

No. 4 Government Quarry (Boya) lies towards
the centre of the area and is about 2 miles east
of the fault. The quarry consists of a long face
with a north-north-west trend, and a minor
north-west face. Only one level is accessible.
These features will probably bias the joint
statistics as already indicated. Eighty-six joints
were measured.

The quarry is cut by three relatively small
micro-gabbro dykes and several pegmatites.

O 10% Density

See Fig. 1 for legend.



As may be seen from Fig. 4a the joints in
this quarry fall into seven groups. When plotted
on the cyclographic projection it may be seen
that these form the pattern with which we are
already familiar and in which the flat-lying N,
E.., WNW. ENE. NNW. and NNE. sets can
readily be identified. It may be noticed however
that the angular relation and positions in space
are significantly different to either pattern so
far observed. That this pattern has persisted
through three quarries with each pair of diagonal
joints intersecting almost exactly on the plane
of the E. joint is strong evidence that the
standard error of the mode (< 2°) was not
underestimated. Again, the relative values of
the modal densities are also roughly comparable.
The NNW. is dominant, the N. is important
(7%) contrasting strongly with its absence at
Mountain Quarries, and the NNE. is greater
than the WNW. in reverse of the usual order.
Both these effects are most probably due to the
bias of the quarry direction discussed earlier,
it being noted that this quarry would tend to
emphasise the north-trending joints while Moun-
tain Quarries would emphasise those trending
west and east. The surface characteristics were
studied and were found to be similar to those
of the joints at Greenmount Quarry, but not
so well defined. This was probably because
fewer joints were measured.

Joints in Stathams Quarry

Analysis of joint data at Stathams Quarry
revealed an extremely complicated pattern. Al-
though this pattern could be partially resolved
by considering the quarry to consist of two
separate parts divided along the major dyke,
interpretation was still so ambiguous that it is
not considered in detail in this paper. However,

S

the results from the east half of the quarry are
quoted in the summary for completeness even
though they must be accepted with extreme
caution.

Comparison of Jointing in the Four Quarries

The jointing in each of the quarries can be
compared from a variety of viewpoints. Among
these are the angular properties of the joint
pattern regardless of their orientation; the
orientation and relative importance of the in-
dividual joint planes; and the orientation of the
principal axes of the hypothetical stresses that
may have caused the joints. Any two of these
will be mutually independent and together com-
prehensive but a third is necessary for complete
understanding of the data.

The actual patterns may best be compared by
measuring corresponding dihedral angles in each
and tabulating the results. If the pattern is of
the Greenmount type then it will be well de-
fined by the following measurements: the four
dihedral angles between the diagonal joints and
the E. joint, the angle between the two lines on
the E. joint on which the diagonal joints cross
and the angle between the N. and S. joints.
These measurements and, as a check, the di-
hedral angle between the two diagonal joints
of a pair were therefore used as a basis for
comparison. They are tabulated in Table 1.

It will be noticed that, although the patterns
are qualitatively similar, corresponding angles
may differ by as much as 30°. This, it is felt, is
not due to variations in the properties of the
granite as other evidence has shown these to
have a negligible effect. It is rather due to
local variations in the stresses acting along the
principal stress axes. That variation in the
relative stress may have an important effect on

Fig. 4.—Composite equi-area projections (upper hemisphere).

(a) Pegmatite normals.

(b) Joint normals and associated slickensides.
Mountain Quarry, small circles No.
Crosses

Large circles
4 Government Quarry (Boya), small solid circles
other nearby localities.

6

Greenmount Quarry, large solid circles
Stathams Quarry,



the angle between the shear planes has been
demonstrated by Parker (1942) who shows that
the angle decreases when the stress acting along
the axis of minimum stress becomes tensional,
and by Grigg (1936) who suggests that the
angle increases under high confining pressure.
Another point of some interest is that in no
quarry are the diagonal joints exactly bisected
by the E. joint, the two angles on either side
of the E. joint differing by up to 10°, and the
larger angles always being associated with the
same joint. This may indicate that the E. joint
was controlled by a then present ‘rift’ direction.
The average dihedral angle between the diagonal
joints is close to 60° which if the joints are
considered as shear planes is close to or little
less than that which would be expected (Hil-
genberg 1949). It is of interest to note that
if the two pairs of diagonal joints were not of
contemporaneous origin, as the evidence seems
to indicate, and if the one set in no way offsets
or deflects the other, that it might be expected
that the one which was later would be the more
regular in that it would be affected by fewer
stresses. If the data for the two diagonal sets
are examined it may be seen that the WNW.-
ENE. set is the less regular in every way. This
may be taken as some indication that it was
the earlier to form. Other points are, the sur-
prising difference between the ENE.-WNW. joint
relations in the Mountain and Boya quarries
which is not reflected in the NNE.-NNW. joint
relations, which may possibly be explained as
above, and the facts that the dihedral angle
between the N. and E. joints is about 90° and
the angle between the two lines along which
the diagonal joints cross is about 30° varying
from 15° to 38°.

TABLE 1

Table of dihedral angles between modal joint
planes in various quarries.

|
| Green- | Moun-

Joints Joya Stathams Mean

‘ mount | tain Directions
|

E-ENE. 38 | 20 58 (60 to N.) | 37 + 11%
ENE-WNW. 64 | 37 95 | (116 to N.) | 65 + 20
E-WNW, 26 17 | 43 (66 to N.) | 29 + 10
E-NNE. 60 (657) 52 72 61 &+ 7
NNE-NNW 128 (1347) 105 149 128 15
E-NNW. 68 | 68 | 53 7 66 £ 7
N.-E. 94 ! 26 95 92 + 4
B-B! 30 15 | 38 35 300 7

B and Bl- are the hypothetical axes of intermediate
strain on the E. joint.

* Average deviation.

Support for the suggestion that the WNW.-
ENE. joints were there earlier is found in the
jointing of one of the silicified shear zones. Here,
although the rock is well jointed only the NNW.,
NNE. and EW. sets are represented. Although
alternative explanations are possible, it is be-
lieved that silicification took place between the
two periods of joint formation.

The poles of the planes forming the joint
patterns of the four quarries are plotted on the
equi-area projection of Fig. 3a. It is useful to
remember when reading this diagram that, if
we accept a standard deviation of the mean of

2°, a difference of 5° may be considered evidence
and a difference of 10° may be considered proof
of a significant variation. It will be noticed that
significant variation takes place in the position
of almost every joint. The most interesting
point is the close grouping of the NNW. joint
sets, the dominance and persistence of which
has already been noted in the field. This seems
to suggest that they were later reinforced, or
possibly even reoriented by a strong and un-
usually constant force after their original forma-
tion. It may also be significant that the joint
set with the next highest maximum is the
WNW., an adjacent set.

The last method in which the joint patterns
will be compared is that based upon the
theoretical positions of the principal axes of the
stresses which may have produced the joints.
This, regardless of its theoretical implications
which will be discussed later, is a very conveni-
ent way of comparing the orientations of the
patterns as distinet from the planes. For this
purpose it is assumed that the diagonal joints
represent shear planes intersecting on the inter-
mediate stress axis. It is also assumed that the
axis of maximum stress is normal to the axis
of intermediate stress and in the plane contain-
ing the axis of intermediate stress and bisecting
the dihedral angle between twe diagonal joints.
The axis of least stress is taken as normal to
this plane. As will be shown later, these as-
sumptions are justified and probably approach
the ftruth. The three principal axes are hy
construction at 90° to each other. For this
reason a plane containing two of the axes and
the direction of one of the contained axes is
sufficient to fix the position of all the axes. For
the purpose of comparison the two diagonal sets
were treated separately, i.e. those with the acute
angle to the north were plotted on one diagram
(Fig. 3b), the others on another (Fig. 3c). Each
was shown by plotting, on a cyclographic pro-
jection, the plane containing the axes of maxi-
mum and minimum normal stress and on this
plane drawing a ‘V’ to point to the pole of the
axis of maximum normal stress. This may be
considered as the cyclographic projection of a
simplified version of the figures used by Me-
Kinstry (1949) to illustrate stress relationships.

The close similarity, in both diagrams, of the
directions for Greenmount and Mountain Quar-
ries is noticeable. In that for N.-S. maximum
normal stress Stathams is also similar while
Boya differs only in the plunge of the axis of
maximum normal stress. In the diagram for
E.-W. maximum normal stress there is a much
greater variation in the strike of this axis and
a considerable variation in the positions of the
planes for both Boya and Stathams Quarry.
This rather tends to support the argument that
the NNE. and NNW. diagonal joints are of later
formation, although it must be noted that these
data and those used before are to some extent
correlated. It may be noted that a 40° west
down rotation on a NW.-SE. axis brings all the
Boya data into a position comparable with that
from other quarries. It might also be noticed
that a similar rotation of only 35° will serve to
bring the errant data of Stathams into conform-
ity if applied to this only.



Other Data

Plotting the pegmatites from the entire area
on one diagram (Fig. 4a) brings out two points;
the pegmatites are obviously not connected with
the present joint system and the angular dif-
ferences between the pegmatites from the Boya
Quarry and from other localities are of the same
direction and order of magnitude as those of
the joints.

The slickensides plotted on the stereographic
projection (Fig. 4b) also show an interesting
feature. Although they are found on various
joint sets they fall into two well-defined groups,
one with approximately E.-W. trends indicat-
ing movement of the east block down, and the
other with approximately N.-S. trends indicating
movement of the east block to the north. These
oroups are even clearer when the data for the
various quarries are examined separately. The
relative age of the two periods of slickensiding
and the validity of the first is indicated by the
fact that some of the dykes show curvature of
contraction joints consistent with east-block-
down as the main component of movement.
Since all the slickensiding is in the micro-gabbro
intrusion end-stage products and is therefore
post dyke-intrusion, this indicates that the east-
block-down movement was the earlier.

Summary and Discussion

After the consolidation of the granite, intru-
cion of pegmatites, and production of the main
shear zones five periods of stress are recognised.
The first three resulted in the production of
rzinforcement of joints, the last two in the
production of slickensides. Evidence has been
found supporting a given sequence in these. If
we accept the view based on field and laboratory
evidence that the acute angle is hisected by the
axis of maximum pressure, it is possible to
postulate a highly probable stress orientation for
most of these periods. The loadings which could
have caused such stress orientation and the
seological conditions which in their turn could
have caused such loadings are however very
numerous. Only those which seem to best fit
the evidence in the limited area examined and
the evidence of the general geotectonics of this
part of Western Australia will be discussed.

Taking the oldest two joint systems first, they
could have been produced by E.-W. compression
followed by E.-W. tension. This is a common
sequence either where dominant pressure is re-
leased allowing the built-up pressure at 90° to
it to become dominant, as may have occurred
throughout the West Australian Precambrian
block, where E.-W. minor folds cross N.-S. major
folds: or where the arching due to folding al-
lows tension to develop on the crests of the
major anticlines. In view of the fact that the
area here is a major batholith the latter is felt
to be more probable. There is some evidence
that silicification of shear zones, which might
be of more than one age, occurred between the
fermation of these two joint patterns.

This jointing seems to have been followed by
another problematical joint set. The most prom-
inent and uniform in the area, it seems to have
had a late origin, yet in position and in the

field it appears simply as one set of the second
joint pattern just discussed. Since it is repre-
sented only by a single set, it might tentatively
be suggested that it was formed by a shearing
stress possibly, in view of evidence by previous
workers for similar movement, sinistral.

The interpretation of slickensides is always
fraught with difficulties because there is no way
of telling if they are associated with major or
minor movements. Two sets of slickensides were
observed, both obviously post-dyke-intrusion.
No internal evidence was available to suggest
their sequence. One set indicates very clearly
predominantly east downward vertical move-
ment while the cther indicates sinistral shearing
movement. They were necessarily formed by two
separate forces. There is internal evidence that
the east downward movement is the earlier and
it seems reasonable to correlate this movement
with the formation of the micro-gabbro dykes,
both being consequent on the collapse of the up-
arched structure. If this is justified then the
other set may represent later return of the
sinistral shearing movement. There is no record
of events later than this.

Summarising it may be said that the following
histoery seems probable. Intermittent sinistral
shearing stress seems to have existed since early
Precambrian. Evidence for this has been de-
tected by Prider in the folded Archaean Jim-
perding Group, the Proterozoic or early Palaeo-
zoic Cardup Group, the shear zones and the dyke
formation, and by the present author in the
jointing and slickensides. Superimposed on this
was a major east-west compression which pro-
duced up-arching. Silicification may have oc-
curred at this stage. The anticlinal structure
later collapsed with synchronous intrusion of
micro-gabbro dykes. Although these stresses
may have been forerunners of those which later
produced the main Darling Fault no direct con-
nection is claimed. However recent stratigraphic
and structural research has indicated that the
zone of collapse may have moved toward the
west with the subsequent production of the
Darling and more westerly faults. If this is so
it seems that the continental margin of Western
Australia shows evidence of up-arching and the
collapse of not only the centre of the anticlinal
structure but later of the continental margin
on cne side of it.
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